past and for infants over 6 months, a negative parasitic stool examination.
The acute diarrhoea group consisted of bottle-fed infants of normal weight and height with a single bout of diarrhoea up to seven days' duration at the time of gastric aspiration. They were not dehydrated or febrile, not vomiting or receiving medication for the previous eight hours, had no signs of other infections or clinical anaemia and had stools negative for enteropathogenic bacteria as well as for parasites. Some of them had received broad-spectrum antibiotics in the past. Infants in whom the bout of diarrhoea lasted more than 10 days were excluded.
Infants of the chronic diarrhoea group were in the paediatric ward with diarrhoea of more than 15 days' duration (in some ofthem it was three to five months). All had variable degrees of protein-calorie malnutrition but no signs of kwashiorkor, haemoglobin being above 9 g %. Five of them were receiving cow's milk, and nine a milk substitute (Maffei, 1973) . At the moment of gastric aspiration they were afebrile, not dehydrated, not vomiting (24 hours), without symptomatic medication (four hours for calcium carbonate and eight hours for homatropine methylbromide) and with no signs of other infections. They had one to three negative stool cultures and examinations for the presence of parasites. Many of these infants had been treated before admission: if they had received antibiotics for less than three days, gastric contents were obtained at least 48 hours after their discontinuation; if the antibiotic therapy was longer, a delay of seven days was allowed before sampling.
Twelve of the infants were reevaluated after clinical recovery from protein calorie malnutrition and after recuperation of the alimentary tolerance for age. This occurred three to 20 weeks after the first sampling of gastric contents. The remaining two infants of the chronic diarrhoea group died.
METHODS

Intubation and sampling
To avoid possible effects of environmental factors on results (Arnold and Brody, 1927; Campos, Hoenen, Costa, Trabulsi, and Pontes, 1958) samples of all groups were collected simultaneously.
After the baby had fasted for two hours we passed a sterile nasogastric polyvinyl catheter through a segment of a rubber tube to avoid contamination from the nostrils, and a first sample of gastric contents was immediately obtained to ascertain the position of the catheter and to wash contaminants out from the oropharynx. The gastric contents which remained in the catheter were reinjected. The rubber tube was withdrawn along the catheter, which remained in situ for two hours. This time interval allowed the infants' reactions to stabilize and also the interaction of the microflora (eventually introduced from proximal segments) with the gastric juice (Franklin and Skoryna, 1971) .
Gastric contents for pH reading and quantitative cultures were collected after two hours with the baby still fasting; the first aspirate was discarded. Whenever there was doubt, the position of the catheter in the stomach was checked by fluoroscopy after collection.
In 12 infants with chronic diarrhoea, besides the study after recovery, we repeated the pH determination after varied time intervals but before clinical recovery, to confirm alterations in pH. We also took throat swabs from 36 infants of the various groups.
pH reading The pH of the gastric contents was measured with a glass electrode pH meter (Metrohm, E 350 B) one to three days after sampling, aspirates being stored at -20°C. Preliminary studies showed that no significant changes in pH occurred during that storage time.
Microbiological techniques Samples (0-1 ml) of undiluted gastric juice, and of tenfold dilutions with saline, up to 10-7, were streaked in triplicate onto plates with Oxoid mannitol salt agar, McConkey's agar, 10% sheep's blood agar and Sabouraud's dextrose agar with neomycin, 200 jg ug/ml. No quantification was done for saliva which was streaked on the same media without triplicate.
Specimens were incubated for 30 to 60 minutes after collection. Mannitol, McConkey's and bloodagar plates were incubated for 24 hours at 37°C. If no growth was found, they were incubated again for another 24 hours, a half of the plates being tested with a standard culture. Sabouraud's agar plates were incubated for 48 hours at 37°C for a first reading, and for seven days for a second reading.
Microorganisms were identified after bacterioscopy of Gram-stained smears. Gram-negative bacteria were screened with triple iron-sugar and oxidase, and for biochemical identification standard procedures (Edwards and Ewing, 1972) were used. E. coli strains were typed serologically using polyvalent antisera prepared in our Microbiology Unit. Staphylococci were identified by the catalase reaction (Cowan and Steel, 1965) modified by Baird-Parker (1966) , plasmacoagulase and desoxyribonuclease by the methods of Jeffries, Holtman, and Guse (1957) . For the identification of catalase-negative Grampositive cocci (streptococci) the activity on blood agar was observed. For alpha haemolytic colonies the bile solubility was tested. Yeast-like fungi were identified by the production of germ tubes (Mackenzie, 1962) confirmed by the formation of clamydospores. For clamydospores forming yeast-like fungi fermentation and assimilation of sugars were tested (Bailey and Scott, 1970) .
Statistics
Results were submitted to nonparametric tests (Siegel, 1956; Jones, 1973) at the 95% confidence level. We used Mann-Whitney's test for two independentsamples(recoverygroupversusbottle-fedcontrol) and the Kruskal-Wallis one-way analysis of variance for four independent samples (breast-fed control, bottle-fed control, acute and chronic diarrhoea groups). For association and contingency tables we used the x2 or Fisher's exact probability method (Cochran, 1954 The pH determinations, repeated before clinical recovery from chronic diarrhoea, showed that pH values for individual cases were relatively constant, when we considered ranges of pH below 2.5, between 2.6 and 4.0 and above 4.0 (fig 2) . From the bacteriological standpoint pH ranges seem to be more important than individual values (Giannella et al, 1972) .
RELATION BETWEEN pH VALUES AND CULTIVATION OF MICROORGANISMS
A bactericidal effect of pH below 2.5 was observed in all groups of infants, for Gram-negative bacilli, for staphylococci and streptococci separately and for total bacteria. Cultures were positive for bacteria in all but two aspirates (pH 2.5 and 3-0) in which pH was equal to or above 2.5; below this level only one sample (pH 2-0) yielded more than 1 .00 (logio) bacterium per ml. No statistically significant pH dependency was observed for yeast-like fungi ( fig  3) .
CONCENTRATIONS OF MICROORGANISMS
Gram-negative bacilli (Enterobacteriaceae and Pseudomoneaceae) Bacilli concentrations were significantly higher in the chronic diarrhoea group (fig 4) , this higher concentrations appearing to be related to the higher pH values in this group. It must be emphasized, however, that concentrations of bacilli were significantly lower in breast-fed infants when compared with the chronic diarrhoea group, although pH values were similar for both; we even had three samples from the (fig 7) , but in relation to the breast-fed control group this difference was at the limit of significance. Otherwise, concentrations of microorganisms above 4-00 (logio) per ml were statistically more frequent in the breast-fed control and in the chronic diarrhoea groups (fig 7) . These facts show that total count analysis is less sensitive than separate analyses of groups of microorganisms. (fig 7) . Considering all recovered microorganisms (total 
CONCORDANCE BETWEEN MICROORGANISMS IN OROPHARYNX AND GASTRIC CONTENTS
We considered that there was concordance when at least one similar microorganism of the same group was found at both sites in the same infant. For analysis of bacterial concordance we excluded those 'sterile' (below 1-00 (logio) per ml) cases with a pH of gastric contents below 2-5.
Gram-negative bacilli, staphylococci and streptococci were found at both sites in 80, 83 and 76% of the cases respectively; concordance was statistically significant. Yeast-like fungi were isolated more frequently from gastric contents than from the oropharynx and in only 59 % was there concordance; McNemar's test was not significant. Discussion HYDROGEN-ION CONCENTRATION (pH) As suspected, infants with chronic diarrhoea and protein calorie malnutrition had difficulty in acidify-ing gastric contents, an ability that reappeared only after recovery from diarrhoea and protein calorie malnutrition. Well nourished infants with acute diarrhoea behaved like bottle-fed controls (low pH values), suggesting that the pH alterations occurred during evolution to a chronic state perhaps being related to protein calorie malnutrition.
The difficulty in acidification certainly was not related to the calcium carbonate, administered orally to 50% of the infants, because the effect of neutralizing substances disappears up to 60 minutes (Marttinen and Visakorpi, 1968) and otherwise calcium carbonate presents the acid rebound effect (Fordtran, 1968; Barreras, 1970) . Our infants received CaCO3 four hours or more before sampling, and no differences were observed between results for infants with or without this medication. This was the case also for homatropine methylbromide, a drug that was discontinued eight hours or more before sampling; as this drug must be administered every four to six hours to have its action sustained, it seems to us that it had no influence on our results.
Also the milk substitute given to some of the infants with chronic diarrhoea seems not to explain the decrease in the gastric acid secretion, because, being a diet rich in proteins and poor in carbohydrates, it has (like cow's milk) a high buffering capacity (Bullen and Willis, 1971) , and in consequence, greatly stimulates acid secretion (SaintHilaire, Lavers, Kennedy, and Code, 1960; Kotrba and Code, 1969) .
Indeed, it may be that infants having difficulty in increasing the hydrogen-ion concentration in gastric juice could neither counteract the effect of alkalinizing substances nor of diets with high buffering capacity. The results with or without drugs and/or special diets reflect the difficulty in acidification presented by those infants.
Several hypotheses may be proposed to explain this difficulty: those infants may have a diminished parietal cell mass as a consequence of proteincalorie malnutrition, since a direct relationship between maximal acid output and parietal cell mass (Card and Marks, 1960) or infants' weight (Ghai, Singh, Walia, and Gadekar, 1965; R0dbro, Krasilnikoff, and Christiansen, 1967; Micheli, 1969; Adesola, 1970) has been described. A greater reabsorption of H ions through an altered mucous membrane or a greater secretion of nonparietal cells (Fordtran and Walsh, 1973) are other possibilities.
Strangely, the breast-fed controls had pH values as if they also had difficulty in acidifying the gastric contents. Mason (1962) found low pH values (below 2.5) in only 10% of newborn infants (5-13 days) four hours after a breast milk feeding. Some indirect evidence also favours the impression that breast-fed infants do not acidify gastric contents to low pH values or for a long time: in breast-fed infants the human milk IgA resists the passage through the gastrointestinal tract (Kenny, Boesman, and Michaels, 1967; Gindrat, Gothefors, Hanson, and Winberg, 1972) although it does not resist the action of pepsin at pH 2.0 during 30 minutes (McClelland, Samson, Parkin, and Shearman, 1972) ; gastric protein hydrolysis is minimal in breast-fed infants (Berfenstam, Jagenburg, and Mellander, 1955; Mason, 1962) ; some animal species begin gastric acid secretion only after lactation (Deren, 1971) .
CONCENTRATIONS OF MICROORGANISMS
The higher concentrations ofGram-negative bacilli in gastric contents of infants with chronic diarrhoea could be a consequence of diminished bactericidal and/or bacteriostatic activity related to high pH values. But, for similar high pH values, the breast-fed control group had low concentrations of Gramnegative bacilli, similar to the concentrations observed in the other control group with lower pH values.
Low bacilli concentrations in breast-fed infants may be related to lesser contamination, but human milk is contaminated by Gram-negative bacilli in 31 % of the cases, sometimes up to 7.0 (logio) per ml of milk (Wyatt and Mata, 1969) . Also, it may be that there are much lower pH values in the first hours after ingestion because of the poor buffering capacity of human milk (Bullen and Willis, 1971) , but this hypothesis is hardly compatible with the maintenance of IgA activity.
Otherwise, there is strong evidence that human milk protects babies even in conditions of great contamination by enteropathogenic bacteria (Mata, Urrutia, Garcia, Fernandez, and Bdhar, 1969) .
Lysozyme (Chandan, Shahani, and Holly, 1964) , poor buffering capacity (Harrison and Peat, 1972) , lactoferrin (Bullen, Rogers, and Leigh, 1972) and secretory IgA (Ammann and Stiehm, 1966; Mata and Wyatt, 1972) are some of the factors involved in the greater resistance of these babies to infection.
It could be also that the great proliferation of Gram-negative bacilli in the chronic diarrhoea group with protein calorie malnutrition is propitiated by a decrease of the gastric secretory IgA (Fernandez, Averbach, Paolo, Delle Done, and Gonzalez, 1971) , and/or of other factors, provided that the pH permits it. Unfortunately, studies of the gastrointestinal flora of patients with a-or hypogammaglobulinaemia do not help us, because so often these patients also have gastric acid deficiency (Hersh, Floch, Binder, Conn, Prizont, and Spiro, 1970; Parkin, McClelland, O'Moore, Percy-Robb, Grant, and Shearman, 1972; Brown, Butterfield, Savage, and Tada, 1972) .
Gram-positive cocci were isolated in similar concentrations in all groups of infants. It is as if there were a relative depression of them, when compared with Gram-negative bacilli, in the chronic diarrhoea group. This may be a consequence of previous antibiotic therapy.
The significantly lesser frequency of yeast-like fungi isolated in both control groups could be interpreted as a consequence of the fact that only these groups had never received broad-spectrum antibiotics before. If other factors are important they cannot be interpreted in our study. Bishop, Barnes, and Townley (1974) considered yeast-like fungi concentrations of 3 00 (logio) per ml as the limit of normality. The significantly greater frequency of higher concentrations in infants with chronic diarrhoea may also be only a consequence of antibiotic therapy. The diminution of concentrations of yeastlike fungi after recovery from chronic diarrhoea also does not necessarilymean that diarrhoea was a consequence of, or maintained by, yeast-like fungi overgrowth as suggested by Bishop et al (1974) ; it can be explained by the longer time elapsing since antibiotic administration or by the effect of specific treatment with nystatin being coincidental with the recovery from diarrhoea. We do not know why yeast-like fungi were more often isolated from gastric contents than from the oropharynx, but the same fact was observed by others (Bishop et al, 1974) .
Our microbiological data in gastric contents are similar to those reported by Gracey and Stone (1972), , and Challacombe et al (1974) in jejunal juice of diarrhoeic infants. Otherwise, when the microflora was determined in both, gastric and jejunal sites comparable results were frequently obtained (Drasar et al, 1969; Gorbach, Mahalanabis, Brayton, Jacobs, Chatterjee, and Neogy, 1970; Mata etal, 1972) .
These considerations favour the impression that gastric functional alterations are important contributory factors to the small bowel overgrowth syndrome in infants. Certainly the gastric alterations and their relation to the small bowel overgrowth syndrome deserve further studies.
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